(43) sBS^pa 

2005 ^9 ^ 22 B (22.09.2005) 




PCT 



(10) @BS^ 
WO 2005/088745 Al 



(51) mVSi^Vfi^m': HOIL 43/08. 

HOIF 10/32, HOIL 27/105, 43/10, 43/12 



(21) aeufiis^: 

(22) SBSaiiSB: 
(25) BRStUffiKDWIg: 
(26) 



PCT/JP2005/004720 
200S 4^3 ^ 10 B (10.03.200S) 



(30) 

^112004-071 186 2004 ^3 12 B (12.03.2004) JP 
^012004-313330 

2004 ^10 ^ 28 B (28.10.2004) IP 



(71) taiffiA C*B$l8{<^r(Dj|^BlroLxT;: ill 

tiniSL^xnm^^mm^m (japan science 

AND TECHNOLOGY AGENCY) [JP/JP]; T 3320012 
«}£!iJI|Pm*BieaTa 1 SS^SaitamaCJP). a 
Aff AHmftffiJS^PSSBr (NATIONAL INSTI- 
TUTE OF ADVANCED INDUSTRIAL SCDCNCE AND 
TECHNOLOGY) [JP/JP]; T 1008921 ^^KS^ftBag 
SA^BI-T S 3 S 1 ^ Tokyo (P). 

(72) l6BJ%;i3d;t; 

(75) mM%/mmx (i¥:miz^i\x<D^): mm^i^ 

(YUASA, Shinji) [ff/JP]; T3058568 ^tttSo < iSrfi 

issii-i-i ip^Wiz ^iLfi^^xmm^m^-^m^ 

Ibaraki (JP). 



= (54) Tiae: MAGNETORESISTIVE ELEMENT AND ITS MANUFACTURING METHOD 

2 (54)%m<r>^ni mfR.^^sik^s.ifi<on&y3^ 



MgO(a01) SUBSTRATE 



B 



ANNEALING (350X) 




00 
00 



1^ w 



MgO(OOI) SEED LAYER 
^15 MfO(OOl) 

■N— 11 



Fe (001) LOWER 
ELECTRODE (50 nm) 
17F.(001 )TMa« 
15 (50nm) 




MaO(001) BARRIER LAYER (2 nm) 

21 Mjo(ooi )/wm 
17 (awo 
15 




Co LAYER 
(lOhrO 
25 Co!i(10nm) 
'23 F«(ooi)^a«ti, 
Fe(G01) UPPER 
100E( ' 



ELECTRODE (10 nm) 



ttic ck y M R A M(D til * lEli * C t A<T? ^ * 



(57) Abstract: A single crystal MgO(001) substrate (11) is 
prepared. An epitaxial Fe(OOl) lower electrode (first electrode) 
(17) having a thickness of 50 nm is deposited on an MgO(001) 
seed layer (15) at n)om temperature. In an ultrahigh vacuum 
(2x10-' Pa) state, annealing is preformed at 350°C. An MgO(OOl) 
barrier layer . (21) having a thickness of 2 nm is epitaxially 
deposited on ihe Fe(OOl) lower electrode (first electrode) (17) 
at room temperature by MgO electron beam vacuum deposition. 
An Fe(001) upper electrode (second electrode) (23) having a 
thickness of 10 nm is deposited on the MgO(001) barrier layer 
(21) at room temperature. Consecutively, a Co layer (21) having 
a thickness of 10 nm is deposited on the Fe(001) upper electrode 
(second electrode) (23). The Co layer (21) enhances the holding 
capability of the upper, electrode (23) to realize an antiparallel 
magnetization arrangement By microfabrication the above 
produced sample, Fe(001)/MgO(001)/Fe(001) TMR element is 
fabricated Thus, the output voltage value of an MRAM can be 
increased. 

(57)S3jiti: »*gSMgO (0 0 1) 1 ^^tSL. 

50nmB(DXtf$r:tv-v;UFe (001) TSSmffi 
(»im«) 17^MgO (001) v-Kei5± 
icMST-fifcSL. ;^il^-e. SiftK^ (2xl0-8Pa) 
iZiSl^Xs 3 50^c-e7--;u$tT^o anmlSO) 
MgO (001) /<'J7S21^Fe (001) TSP 

mm (mims) i Tiizms-exe^i^vvinss-r 

Z(Dm. MgO(Dm^tf-A3SI«$ffll>fco MgO 
(OOi) 'J 7g 2 1 ±IC^ia-T?. B^IOnmO) 
Fe (001) ±951® (^21®) 23^BJ&Ltzo 
S^UT. 1 0nmB$(DCo®2 1 ^ Fe (001) ± 

sums (S2ma) 2 3±icJtsLfco coii2ii*. 

± fflJ m a 2 3 (D ± 95 m S 2 3 CD S i# * ^ ift to S C 1 1 C 
/MgO (001) /Fe (001) T M R^^-^ JBfig-T 
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MRAM (Magnetoresistive Random Access Memory) ?I.^J£ < ^ ?>tl^TV^^ 

:/^/^«3t^^bTV^5o h>^/\^W^MtVXU. r^fvyr'^(n>K\-om 
;6S^v^btlTV^§ (^#fF:^m 1 o HIS (A) fc^f 

8 (B) \z.7T^-f^o\^. %\(D'^m.'^wm}i%2(o^m.^mMh(om\\L(D^^ii^ 

|^9{:i. MRAM(7)£2^«it^?»J^^1-iI-C*fc!9s El 9 (A) fiMRAMO^^H 

-efef?. ii9 (B) \tMmb'tm%mi^'^xh'o . (o ^at^j^^i^-r 
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IffS^-efcSo 1^9 (A) \cm-tX.^lt^. MRAM^^:*3V^T«:!7-Ki^WL<^ If 

So il9 (B) J:pt-^ r7-K^^lfs/ hi||^(7)^^|f|5t-iag$tbyhMR 

AM-fe>'Vft. TMR^^^. r(^TMR^^^ii:^lJ^j^^:h.fcMOSFETi:<^ 

^ {c j; t) , IBii'lf ^<^^^tiit- c ^ ;isx-t 5o t^. It^ol^t m;t^^^ 
0ij;trf. TMR^^-^tO?^^©Mti::J;!9fT9:i^;JS-t?#;5, ID 9 (c) d^-f 

105^ KW^-^i^i o 3^. ^<^^fe:iiij^^tb5^-y;^':/vM^jj:^bTJI^^ 

1 1 t^^f -SMOS FET 1 0 0 TMR^^^l 1 7 t 
^^LTV^:5o y-;^^:^! 0 5Ji^^ (GND) ^tu. Fl^>f:/f*. TMR^ 

^4^^/^b-Clf5/ MSB L{^:^i^$i^TV^So r?- Kji|WLj*>i^- i i 

i^A±(ci5iPJb;rcJ; 5 J-^ ^^^tt^^yMRAMtt. lO^MOSFETlO 
^#fF:i:ifel : D.Wang, et al. rScience 294 (2001) 1488. 

nm^^^^WL^Ti^'fmx'h^ (ld „ lai otc^-rjiptc, ^^^ji^mtmr^ 

\-t.W^(r>TyiRM=i'(on%WaViWil^%h'^<. "Sfcttij^jmjEE'b 200 mV^T 
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^^•^m^lb c cmm^^-t^m 1 (omm^^m m^h y^>/ntM<z)B 2 
/i^i^-^mm^m^. mmhy^^mmmibK m^^Mso, (ood fesv>« 

(00 1) 5^rB®:dS^^gaip)Lfc#M^BMgO, (0<x<l) MKXV^^^ 

^yb. MgO (001) ;5^?>5fe5 h ^h^'^^/i'^^^O^l 
mmi<^J^J^ -^flfcF e (001) ^ ^ ^ 1 t . tulB h V^vl-|^ 

J^l(Om2®{l!|{^ff0^$tl/fc:F e (0 0 1) §S 2 (DBtatt^Jl i . 

■f h^-^/V^-^^atTfcoT. B&IBMgO^:es^ W^^eMgO^ (0 0 1) 

fe5V>fi (0 0 1) '^^m^tm^M\^Ltc^W^BMgO, (0<x<l) jfjcj: 
«9?i^fig$:j^rv^§;l<^ ^#m^i-S^miS^^^?)SS#t^n^o MIBMgO (0 

0 1) m(D^m^r^tmmF e (ood ^(^:7ai/u$a:j^/vdfv_(^^(o;fji 

;*:^0>^<^)m<^^^t-«ttbf^,^lS^*#1-SXa^>^^^±{-mi<^F e (0 

0 1) m^mm-t^xuts tEfiB^K^Fe (ood m±\^m^^^-j^mmm 

Idii^m^^sMgO, (0 0 1) (0 0 1) ;^f0®}65ft^iaiR]Lfc#^ 

^sMgO, (0<x<l) ;5^fjJ^iJ-5 ^:/^/HtM^^i^^^T^^:J3V^Tii^i-5 
xm^. ^hv^;v|$^l_ttj:m2(0F e (0 0 1) m^^^i-^umt^^ir 

*fc. ^s^^sMgO, (0 0 1) fcsv^fi (0 0 1) ^rB®;as^3fe@aiR]b:rc:# 

^^fsMgo, (o<x<i) -^^ibfj^^^^^mmi-^miiiut. mm^±icm 

3 



wo 2005/088745 FC17JF2U05/004720 

^m2i:mt. tuiB^i^^Fe (0 0 1) m±i<cm^i^^-^Mmm\cx'ow^^B 

MgO, (0 0 1) fc'5V^« (0 0 1) ^re®;dS^^@BlRjLyc:#^^BMgO, (0 

hV^^ylxIt^Ji±iC^2<^F e (0 0 1) M^Mf^i-^m 4XUt ^^-T^ :l t 

ntOfnV^. W^^BMgO^ (0 0 1) fcSVNf* (0 0 1) 5^B%®;a5M5fe@2|R] t 
fc^^fsMgO, (0<x<l) ;&^^/^^v-- K®^^:af ^Xa^^bTV^-C 
%^V\ ^fc. t5IBMgOji=l:. MgO,(Dx<ji[^iill^;z^(Di$'->Jr^^5^ h^ffiV> 

:^mm(D:^^\z.^i\(Dm.j^\cxtnt. Mgo (ood Tfi^h^^v^^/i^mmm 
1 (ommikii^m mmh ^^^^i^^mmom 2 mm^^m^ titer ^/^^ r 

IHMgO (0 0 1) m<D'^n--^Ty^hm^r=^)vy-r7.m.^^^t-^hfii^%\lL 

mi\'t.imm(o%\(D%m.mm\^^^i:M.^n=i-(om^m\ (b) ) 
3Si'i^'i4^^ji"t?fe6F e (0 0 1) (o-^^-^^y^-^^^^Ym'^-kT^'tm'^^'o . m. 
^g^r^io [001] ;^r6]};i^-r5E-Ep(Dis#^^-rii (mi (a) ) -efc^o 

1112 (A) 1i-^h^2 (D) ^T*«> *^PJ(^IIJS(0?F^^{CJ;SF e (0 0 1) 
/MgO (0 0 1) /Fe (0 0 1) ^5t<lr^-r5?^^®^^^ (iJ^T. Tf e 

(001) /MgO (001) /Fe (001) TMR^^^J ^$^f -So ) 

1113 (A) fi. Fe (0 0 1) T^m^ (^l^M) ©RHEED-T;^— 
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^ri^-efeOs ms (B) (i. :i(Dm(0UgO (OOl) y<VTm(DRHEED 

H 5 Mg 0^*q:'t^@^^:9-JE(^J^±i«^i^^#^^i-|21T'fe5o 

meit. Fe (001) /MgO (001) /F e (001) TMR^^(OA 

7 (B) it. TMRm^<DmtimRV i=^<yCT:^m}£X (Rap-Rp) 

/R a p) ^^-rUlT-fe^o 

msn. MRAM(Dm:^mmm^^-tmx^h^ . m9 (a) «mram(d^^ 
igi-efcij. 1219 (b) itm^mj:mmm}^mvh<o . mo (o #itM^^ 
•twrtsmxh^o 

mi o\t. r^/pyr^^A i -o^hi^^^um^t Lfcm^mTMRm^(Dm 

Ell ifi. ^^m(DmM(omm(Dmj^mi^x^TMRm^(Dm^m^^^^i-m 
xh^. mi (B) ic^jt^-t^rnvh^o 

*PJiB#iC*5V>r. MgOf^t^i;^^ (Na C 1 M«5t) Xh^fc)^. (0 0 1) 

®> (10 0)®. (0 1 0) mt^xmmxh^o ^^it^*. fliBtcsii:/^:?^ 

iRj^ztt^-rsrirtcJ:?), 1^®^ (0 0 1) tm-mz.mmLX\,^^, t.fc. 
^PJJlffl#^^*5V^T. maiOl^fBmatT'fcSB C citato tt#:.L^^i:;^^B©:!l 

^#*L. ^tLe)(DBcc«it©/^H%^&^^Ml^^{-li^fc^>(o%^^^§„ 

^m«.^i^i||3fem^^3fe(7)||^;6^btiS!)bfc1ttT$>-5 (##3t®^:W. Wulfhekel, 
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wo 2005/088745 PCT/JP2005/004720 
et al. : Appl. Phys. Lett. 78 (2001) 509.) „ :i(D X 0 ^^^BX'^. ^^X^ 

^^^xmm3: t ^ if ^v^s^l6^?^^¥MB%M g o(Dh (D±mm 

TMRm^(Dm%m.1i7i (MR) Jttt^ ^TO^Xm^tl^o 
AR/Rp= (Rap-Rp) /R p 
r::-e. R p S.tJ«R a p f*. 2 0(DmM<Dm^\^fi^^n t^W-ffOm-B-O hl^^^Jl^ 
m-tU^Xh^o J u 1 1 i r e(D^A^i:iXtlit. {g/^-f Txmj£JC*5tt-5MR 

MRJt= (Rap-Rp) /Rp = 2PiP2/ il^P.P^) Xh\). 

P a= (D a t (Ep) -D a J, (Ep) ) / (D a T (Ep) +Da i (Ep) . 

a = l, 2 (1) 

:i:iX\ Fait, mm<D:^h'>i^m^Xh^. DaT (Ep) ^Dai (Ep) 

p) }C*5tt5^RII^^ (Density of state: DOS) X^^o 

^m'&m^^mRn^^<D:i^\f>(DWimt^^i:'to. surxh^tc^. j u i 

1 i r e(D^j^^\zXfl\-i. *^5i«V^^i^MRJt;i LTit? 0%;5S^^J^tb6o 
tmr^^^t^/V':7t;^<^a 1 -0(D ^:/^/^Ptli,^#^^«^i:^fflv^Tf^ 

mi'?>t. ^mx<DMRittLxm7o%t\f^^mt^^htix\f^6i)^. dram 

nr^fmMtti:<>x\^^^o 
mm^iit. m^-^^^^y^^ (Mgo) <Dm^^ (ood fe§v^^4 (ooi) 

:^-t--5T7°D'-5=-^l^^-Cv>5o=e^5fe(^T^/v:7r:^<^A 1 -ommhMtma'O . 

mi ^ tLTx mf-<D=i\i-uyh '^m^^ h >-^>/i-ii^{c*3v >-c^# $ tt § ^ ^ 
^ay^tLSo mm. ^mm<oj^m\^^^TMRm'f-mT^ mi (b) ) ^ 
m^i^^mxh^F e (00 1) (D^;^vv:¥w^>'K^it§r^fiii-efc<9. mm 
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wo 200S /08874S PCI73P20(B/(MW720 

^mo [0 0 1] :^\^Kn-r^E-E^(Dmm^^-tm mi (a) ) Th^„ 

0 1) mits ^2(OY e (0 0 1)15^. ^LflhomK^-^McM^^^^nMg, 

o, (0 0 1) (0 0 1) ^^^Bmifi^m^^\^fz.^'i^fBMgo, (o< 

x< 1) ji3 ^^UT#^$nTV>5o ±fB J u 1 1 i r e (D^xVKe: itl 
(D^Wi^i^ V^\^^z^^-t^m=f'ii^%Um^ti:^o mi (a) (e::^-r [0 0 1] 

(r-H) 1j\pi\^^n^F e(D:r.:^;V^-^^l^\im\^iifl\t^ :7m/V$!p^E; 

(cjbMj-?)^^^^ (DOS) ^fc-^©-th K;a5:7^^i^ 

mM\^^n^'i^mtmm\^. ^^<DYi^:^;\^mm-%:n-^^t\zfi::^, Pe (oo 
1) mU(DL^y<i^Y'ib^mm(Di:ofi:^^\^i^mi:^'mmwL-^^-r^o mi (a) 

Jd^i-J: 5 (^:> t" A i /-^ K (^J^) ;d5 7:3i/v$5p^Ep(i^a^?rf 

;v (^M^fe6v^^t (0 0 1) gBip]#^^) (DTMR^d^«. 

^ 1" § i6 1 f 4 -T? 6 # X. b>u 5 o 

J^T^ :^mmmi(Dmm<DmmKi:^mm.Waim'f-^n^(om:^:}jmz.^\i^ 
ri2i®^#MbooiJiP^^fTPo 132 (A) ;?i^^i2i2 (D) %x\t. :^mm(D% 

m(^J^S{-J:5F e (0 0 1) /MgO (0 0 1) /F e (0 0 1) #3t^:=i-r 

{^y. rp e (0 0 1) /MgO (O O l) /F e (0 0 1) 
TMR^^^J m^-t^o ) <D%^TM^m^^\^7f^-rmXh^o Fe (00 1) 

fi. Bcc^jf^^f 53ia'l4#:-efcSo ^T. ^j^^BMgo (00 1) m^i 

l^ip#U MBEife ^ ^i^-m ^^^sMgO (0 0 1) 
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t 

m^iKD^^o^y^tii^—^^mir^tiit.MgO (ooi) s^- Kli 5 

^^^•f^o ^m\^X. mi (B) \C^irXoK. 5 0 nmJi:(7):i:k°^^v^-^/^ 
F e (001) T§Pm@ iM 1 fl;®) 1 7 g O (001) v'- KH 5 ±\Z 
mt^X-^^Vs llk\f^X\ m^M^r (2X10-8pa) ^^:*5V^■r. 3 5 0VXT 

m^ii^O. 0 2nm/|^>. ^^m.^i)^^U (^2 9 3K) . m'=FmBM<Dy-:^ 

umtLxm[:,^mm^m0.<DMgo iugtotoitff^i d ^^v^, y- 

:^tmmt(D^m^4 0 cm^ ]tii5iiJ^XS^;6s 1 X 1 0-^p a. O^^B 
dSl X 1 0-«P aT-feSo i^. '^t;^^^6<Jm^!S;<^M g O (Mg ^0^(Oit}65 i : 

ms (A) fi. r(^^(^Fe (0 0 1) TlfU^^ (H 1 «^) 17(DRHEE 
D-f 7<-i?^S^i-|il't?fe<5o ^3 (A) iZ.^i-^0i^. Fe (0 0 1) T§|5«i^ 

-e. gl2 (C) ^C:^■rJ;5^-^ 2nmJ¥OMgO (0 0 1) y TJl 2 1 ^ F e 

(0 0 1) T^m^ mimm 1 7 ±\cmM.x=^}^^^iy^/\^f^^ir:s>o 

^>b> Mg OcD^^lf— A^^^^^V^fdo laS (B) rco^OMgO (0 

0 1) y^V rm 2 1(DRHEED4 ?^—i^^7r:-tmXh^, HIS (B) (H^-f-J: 

Mgo (0 0 1) ^<VTm2i-h^0fj:^^B^tW-iS.^^^i.x\^^^:it 
1^2 (D) },z^-ti:^i^. Mgo (0 0 1) /-^y T^2 i±tj:. ^lar-j^^ 1 

Onm(^Fe (00 1) ±^mm (0211^) 2 3 Ul/Sio lii^tT. 10 

nmm^(DC ol2 5^F e (0 0 1) (m2m^) 2 3±(J:i|^LfCo 

Col2 5(*. ±13511^2 3©^^i^:^7?rii5JC)SC^{CJ:oTS¥tTmSag^ll 
m-t5fcie)CO^OT$>5o ^V^T^ ±IBOf^^|^;3^4^W^B;(JPXLTF e (0 0 1) 
yUgO (0 0 1) /Fe (0 0 1) TMR^^^?f^^-r5» 

±l5m•^^f-i^^^:J:5Mgo^*tt. i o'^To r r (Dm^M^^mx^m^ . 
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^mmw:(Dmm%^ti^^ tib^h. Mgo, (o. 9<x<i) ox^^mm 

7!)m<^j:^t^K.^tl (MK-its 0. 10~0.85eV, J; 9 P^BtClfi 0. 2~0. 5 e 

/^A 1 - O h ^^-/l^l^^O^-^, F e (001) t(Dm<D h ^^^/l-l^^cDi^ ^ 
0. 7 — 2. 5 e V^^XLbtb'So bt. M g O^fsf^a^a^J^^e h 

/V'l^MOiiJ^f^a. 6 e V-efe9. H^^iSi! LTftO. 9-3. 7 e V<Dffi/&Sjff 

^tLTVN^o :^^Ji(^?F^:^}^ i:. 0. 3 e va^(D b>-;t>/i^Pt 

'\±7!)^h^o f^. m^^W^^-:S<MgO^(Dyi(Dmt\^Xn^ 0. 9 8<x<l, 
<t!9^^U<(iO. 9 9 < 1!. < im^Xh^ sM g^i^O) X ^ fj:h(Oi-i:^-^tl-r. 
MgO(DW^i()^^:^^Ki-imW^ti?>^mx^?>o 

^fSI^S J ^^•<--rT;^mjEV©g|^) WKB3a<£^^^l^<5V^f^:S i mmo n s 

(^WW:ScMi J. G. Simmons: J. Appl. Phys. 34, pp. 1793-1803 (1963). 
(D (2 0) ^) iC^T^i^S J; 5(-:t/J^§^^feT':7^ ViJ^^-t-^:: tfCto 

T^fefCo :i<D^s n.'^om^W^tLX, gSm^<^«fi (m=9. 11X1 

a^<^^-^-f T;^miEv (iiS5 0 OmV~ 1 0 0 Omv^S) i^x^Mi-tiit. 

S immon s ©^S^^V^T J - Vii#tt^>^^ ^/X^f ^^^f-'S ^ ^ iil J: «9 . h >^ 

EM) mMt^h^i^tcmW.(DMgO (0 0 1) h :^^>'V|$^^(Dl? $ (tMgo) 
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X^h. mo. 5nm\^tm^^Ut^J:^ito :itlit. MgO (001) mtF e 

hi^^ji^mm^o^^^^ sf>mm<DMgo (ood mom^x^hMKts:^ 

5o -r^^tfh. TMRm^Kmnir^^<^r:^mBVi!>m\f^ (a^. lOOmV 

m^tti:^o :^(DX^ts:^yUT:^m}£<Dm^Vit. S i mm o n s ^ 
(2) <^J;5{i::BxfeT*t5o 

J =[(2m<f>)'VA s](e/h)2x e X p [- (4 tc A s /h) X (2 m X 
V (2) 

r:iT% mJti^mi^<D®» (9. 11X1 O-'^k g) , eft^m^^ (1. 
6 0X1 O-^^C) . hfiT'y^iJ^^t: (6. 63X.10-^M-s) "CfeSo 
*fc. h V^/HS|J^©^^J¥^ A s fi. As^f^go-O. 5nm-efc5o TM 

1^6 ft. ±.'B(Dl3m^ii^%^\.ti¥ e (0 0 1) /MgO (0-0 1) /¥ e 
(0 0 1) TMRm^(7)ifeM6<]>fea^^^ft^^^-f-lglTfe<5o IIIJ^S.^2 0K 
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